Jupiter's magnetic field, like that of the Sun, and perhaps Saturn, exhibits a clear, persistent dual periodicity, the two Jovian periods differing by almost exactly 3%. We offer a provisional definition of a new Jovian longitude system (which we call system IV) to organize magnetospheric data that are not stationary in system III. We show that available, independent data sets, covering a time interval of 4 years, which either drift in system III or show no particular organization in system III, fit mutually consistent patterns in system IV. All of the data sets covering several rotations of the planet that are presently available to us, including Voyager observations of ultraviolet and narrow-band kilometric emissions and ground-based optical observations, are organized in either system III, system IV, or both. Using these data, we derive provisional values for a tramformation between systems III and IV: ;kiv = ;kiii + 338-25.486(t-2443874.5) where t is the Julian day and fractional day of the observation. There are pronounced 14.1-day variations in a number of Jovian magnetospheric phenomena. One possible interpretation of the system IV modulation is that it is a sideband resulting from the 14.1-day amplitude modulation of system III phenomena. Alternately, the 14.1-day period could be explained if we assume the existence of an active sector that is fixed in system IV but drifts approximately 25.5ø/d relative to the active sector in system III. When the system III and system IV activity maxima are aligned, magnetospheric activity, such as radio emissions and torus asymmetries, is enhanced, and when the activity maxima are anti-aligned, magnetospheric activity is subdued. The interval between alignments (or anti-alignments) is 14.1 days. Finally, we note that, in developing system IV, we have utilized only a small number of data sets. System IV needs to be tested against additional data before its durability is assured.
INTRODUCTION
distinct periodicity in torus brightness was new and unex- ger 1 and 2 narrow-band kilometric (nKOM} radio data and Table 1 . The rotation rate for system IV is, at this time, not determined well enough to assure that phenomena will not drift . Therefore we examine the periodograms for evidence of power at Piii, the system III rotation period. At the receding ansa, the amplitude of the periodogram is low near the system III rotation period, but the approaching ansa shows a small peak at (1.000 4-0.002) x PIll. We must estimate the noise power •r0 to calculate confidence levels. Because the measurement error and periodic variations are small compared with (apparently) aperiodic fluctuations in brightness, we find •r directly from the scatter of the data points about their mean, after the Io modulation is subtracted. This is consistent with the procedure described by Horne and Baliunas [1986] and with their admonition regarding the interpretation of the variance of the data. We find •r 2 (approaching)= 0.11 and •r 2 (receding)= 0.17.
Analysis of synthetic data that were generated using these values has verified that they are appropriate. Using (5) from the appendix, we find a probability of 0.003 that the observed power of 0.631 at the null at 1.005 Pill (nearest the peak) is present by chance at this preselected frequency. This is evidence for modulation of the brightness of the approaching ansa at the system III period.
Periodograms for both ansae have peaks near 1.03 Pnl. Optical observations have revealed brightness variations near this period, but the period was not precisely determined [Roeslet et al., 1984] . Therefore in evaluating our confidence in these peaks, we make the most cautious es- timate by using (6) from the appendix, which is appropri-cycles with different random noise sequences (but the same ate when many (u) frequencies are examined for significant amplitude A in (8)), and with different starting points for power. For No evenly spaced data points, the periodogram computation of the periodogram have shown that a twois usually evaluated at No/2 independent frequencies, cor-sigma uncertainty of 0.002 PIiI is a better estimate. This is responding to u = 117 for the EUV data. A numerical. the uncertainty we have adopted in Table 2 . investigation by Horne and Baliunas [1986] suggests that, for 235 evenly sampled points, a more appropriate value is p •, 300 (their equation (13)). However, they note that this is an overestimate in the case of unevenly sampled data such as we consider here. Again we take a cautious approach and adopt • = 300 for our computation. The value of Pr(Z > z)
PERIOD (HOURS)
The amplitudes of the modulation estimated from (7) are shown in the first line of Table 2 . The quoted uncertainties were derived using Groth's [1975] Figure 1 as described in the appendix. As a consistency check, the data synthesis technique can be applied by adjusting the amplitudes until the synthetic periodogram is acceptably similar to the peso obtained represents the probability of finding by chance a riodogram computed from the data. A potential pitfall in power greater than that observed here at any of the independent periods accessible through this data set. These probabilities are 3 x 10 -s (approaching) and 4 x 10 -•s (receding), implying a significant identification of modulation near 1.03
PiiI at both ansae. These probability estimates are conservatively large because the value of • that we have adopted is an upper limit to the true value. We have searched fewer than the full set of independent frequencies, and the number this approach is that it may underestimate the uncertainty in the amplitude. This is because small variations in the random noise component can materially affect the amplitude of the periodogram, even for a prominent and statistically significant feature. To avoid this di•culty, we have computed periodograms from data synthesized using several sequences of random numbers to describe the noise in the data. The uncertainties quoted with the amplitudes in the second line of independent frequencies is overestimated by using (13) of of Table 2 These have been replotted in terms of period rather than frequency to ease later references. The circles mark the amplitude of the periodogram at nulls in the spectral window, the set of natural periods for evaluation of the periodogram. The smooth curve is the highly oversampled periodogram. Significant modulation at 1.03 PIII is present at both ansae, and the brightness of the approaching ansa is modulated at the system III period as well.
Because the modulation at the approaching ansa is dif•-cult to detect by eye, we have investigated means of making it more obvious. We have found that the EUV brightness, like the nKOM emission probability, is modulated more strongly when the system III and IV peaks in the nKOM probability are near alignment. An example is shown in Figure 5 , where we have plotted EUV brightness of the two ansae as a function of Air, having selected those observations within 3.5 days of the times of alignment and of antialignment as described in section 4. In Figure 5a the modulation at the receding ansa is more prominent than in Figure  4 , and modulation at the approaching ansa is apparent as well.
Figures 4 and 5 show that the brightness of an ansa is greatest when the ansa is near Air = 180 ø , that is, the brightness curves of the two ansae are about 180 ø out of phase. At least two physical phenomena are consistent with this behavior. The first involves a region of enhanced EUV emission that is fixed near A•v = 180 ø, and that rotates through one ansa and then the other as system IV rotates. The second involves periodic out-of-phase brightening and dimming of the ansae, driven by a mechanism other than a bright spot fixed in system IV. We cannot chose between these two possibilities solely on the basis of the EUV observations, because time coverage and spatial resolution do not permit us to follow a putative enhancement in EUV emission as it moves with the torus.
Thus we can neither confirm nor rule out an EUV enhancement that rotates with system IV to drive the observed modulation. Although a rotating bright spot such as implied by S II images may seem to be the most natural interpretation of the EUV variations as well, we note in section 6 that variations in the dawn-dusk electric field that have the system IV period could account for the observations in an equally natural way. The curves of brightness versus Air in Figure 4 have a characteristic shape. The brightness of the receding ansa gradually increases to a maximum, then decreases more rapidly. This shape is similar to the shape that Sandel and The abscissa refers to the system IV longitude of the observed ansa. The solid curves below the data points are sliding averages of the data displaced downward by two units. The brightness at both ansae is modulated at the system IV period, with the modulation at the receding ansa stronger than at the approaching, where the modulation is barely apparent in this figure. The dashed curve in the bottom panel is a scaled and phase-shifted plot of nKOM probability from Figure 8b . The EUV brightness and the nKOM probability change with system IV in qualitatively the same way. Broadfoot [1982b] found for the Io-correlated brightness enhancement, when brightness is plotted against the orbital phase of Io. In spite of the similarity in the shapes, the mechanism described by Sandel and Broadfoot is not applicable to the system IV modulation described here. Their mechanism involves heating of the plasma electrons as they are awept past Io. Subsequent cooling of the plasma by EUV radiation as the plasma is carried further downstream from Io leads to the observed dependence of brightness on the azimuthal separation from Io. The key to the success of the model is the relationship between the radiative cooling rate and the angular velocity of the plasma relative to the energy source at Io, about 28ø/h. The difference in angular velocities between systems III and IV is only about lø/h, so cooling would take place near a source fixed in system IV. Furthermore, if the concept of plasma slippage is considered [Hill, 1980] , the torus plasma should be virtually stationary in system IV. We would therefore expect a brightness curve more symmetrical than observed if the curve represented heating and radiative cooling versus time. The shape of the azimuthal variation in the SIII EUV emissions that we infer here is similar to that reported by Pileher and Morgan [1985] To investigate the system III modulation at the approaching ansa, it is desirable to remove the effects of the modulation in system IV. This can be done to first order by subtracting from each data point the Fourier fit derived from the phase curve calculated for the system IV variation. The plot so derived ( Figure 6 ) shows strong grouping of the points in phase because the observing sequence was closely synchronized with Jupiter's rotation rate. Nevertheless a weak modulation in the brightness of the approaching ansa in system III is apparent. The mean and standard deviation for each of the groups are indicated by the bars to the right of each group. All the groups overlap at the one sigma level, so this particular presentation of the data does not demonstrate that significant modulation is present at the system III period at the approaching ansa. However, this modulation has already been demonstrated to a high degree of confidence by the periodogram analysis. We use this plot rather to learn the phase of the modulation and to verify that the amplitude inferred from the other techniques is reasonable. The plot shows that the minimum brightness occurs when the approaching ansa is near •zzz --5 ø. The phase curve is again asymmetric, with the maximum when the approaching ansa is near •z• -80 ø. Because of the discontinuous phase grouping, the amplitude is best defined as half the difference of maximum and minimum group means, or 0.24 as shown in the last line of Table 2. For both ansae, the amplitudes of the modulation at 1.03 Pi• determined by the three methods and shown in Table 2 are in excellent agreement. For the modulation at 1.00 Pz•, (7) gives a value significantly lower than that derived from the other two methods, which are in agreement with each other. This inconsistency may be related to the asymmetry in the brightness variation. But, in any case, it is the existence of the modulation, rather than its exact amplitude, that is of central importance in this paper.
The amplitude of the periodogram at P•z is not an artifact of the sampling sequence, even though the sequence leads to phase grouping at a period of Pz•z. This possibility is ruled out on several grounds. First, no significant amplitude is present in the receding ansa at 1.00 P•iz, even though the sampling sequence was exactly the same. Second, periodograms computed from data synthesized including realistic random noise (but no periodic components) have no significant amplitudes near P•. As a control, we have examined plots of brightness versus phase for periods at which the periodograms have no significant amplitude and found no indication of modulation. We use a simple modification of superposed epoch analysis to study the data. The nKOM catalog does not include explicit information on the detected signal strength, so that the usual techniques are not directly applicable. Instead, we plot the probability of detecting nKOM as a function of the system IV longitude of the central meridian of Jupiter as seen from Voyager. To compute this probability, we record the number of times nKOM is detected in 360 azimuth bins, This technique can reveal periodicities in the occurrence of nKOM. If the nKOM is modulated at the trial period used to compute the azimuthal binning, then the probability distribution will vary markedly in azimuth. To define periodicities in the nKOM, we have searched a number of trial periods near the system III period and near a period 3% greater that is consistent with earlier determinations of the nKOM period and with the EUV period determined here. Figure 7 shows the results. In each panel, the ordinate measures the degree of modulation found when the probability of detecting nKOM is computed at the value of All along the abscissa. Maxima are clearly defined at periods corresponding to All = 0.0 (that is, the system III period) and at All = -25.4ø/d, corresponding to a period about 3% greater than the system III period. The latter is in close agreement with the period inferred from the analysis of the EUV data. The peaks are rather broad because of scatter in the nKOM episodes about their mean, because at least two periods are present, and because many of the nKOM episodes are lengthy. There is no significant modulation if other periods are randomly selected. For example, Figure 9 shows the same probability plotted in a system defined by a value of All for which only weak modulation is expected on the basis of The shapes of the probability curves in the two coordinate systems are similarly asymmetric, with maxima separated from minima by about 130 ø, measuring in the direction of increasing longitude. That is, as seen from Voyager, the time from maximum probability of detecting nKOM to minimum probability is about 3.6 hours, while the time from minimum to maximum is about 6.4 hours. Also, the nKOM probability curve has the same asymmetry as the EUV brightness curve as shown in Figure 4 .
NARROW-BAND
The presence of modulation at these two similar periods suggests that some aspect of the nKOM should vary as these two systems rotate relative to one another. Ev- 
where n is an integer. Figure 10a shows the probability of detecting nKOM in the window about time of alignment, and Figure 10b shows the corresponding probability for the window about time of anti-alignment. Comparison of these and Figure 8b shows that nKOM is more likely during times near alignment of the maxima, and the nKOM emission probability is more strongly modulated at the system IV period. Calendar dates for the times in 1979 corresponding to (2) and (3) are given in Table 3 . suggest that their observations are most naturally explained as a beat period between system III and system IV. As a consistency check we have used two other techniques, computation of the Fourier power spectrum and Scargle's periodogram, to search for periodicities in the nKOM. We find results that are in accord with those already described. Both of these techniques are intended to look for periodic structure in the amplitude of a signal that depends on time. Because the nKOM data available to us include no explicit measure of signal amplitude, it was necessary to provide amplitude information in some way. For the Fourier analysis, we divided the time spanned by the data into 10-min intervals, corresponding approximately to the time resolution of the nKOM catalog. To each of these intervals we assigned an amplitude of 1 or 0, depending on whether nKOM was or was not detected during that interval. These data were used to compute the Fourier power spectrum. To compute the Scargle periodogram, times were taken as the center of each nKOM episode, and the corresponding amplitude was taken to be the duration of the episode. This is physically 
GP•OUND-BASED OBSEP•VATIONS
The EUV and nKOM observations show that both phenomena are modulated at a period of about 10.2 hours, but from these data alone the period cannot be determined precisely enough to permit comparisons of observations several years apart. The fractional uncertainty of 0.002 in the period inferred from the EUV measurements corresponds to a drift of 1.74ø/d, or 180 ø in about 100 days. The nKOM observations help to reduce this uncertainty because they span a longer period of time. However, we can define this quantity more accurately if we turn to ground-based observations of the torus that do not share the limited temporal coverage inherent in the Voyager observations. To be most useful in this context, observations should span a number of rotations of the planet, should have time resolution better than Also, because there is no evidence for two or more sources within the torus, the birthrate of solirons in the torus must be low so that only one solitoh is present at any time. Another potential difficulty for the solitoh model is that it does not seem to explain the observed 14-day periodicity in magnetospheric activity. Finally, the solitoh model is specific to Jupiter and the Io plasma torus. As pointed out by Desder To account for the system IV longitudinal asymmetries that have been described in this paper, we propose a second active sector, this one fixed in system IV. This active sector appears to influence the outer part of the torus where there is organization in system III and system IV, depending on the phenomenon being observed. For example, the EUV (2) and (3). We have already noted the coincidence between the hulling of the kilometric radio emissions from Jupiter reported by Kurth et al. [1980] and the times of minimum magnetospheric convection that we would predict using (3).
Also, we find in data presented by several observers that Jupiter's decametric radio emission is modulated with a 14-day periodicity [e.g., Barrow, 1979; Cart et al. 1983, p. 256] .
Although these modulations are usually attributed to a twosector structure in the solar wind, we note several difficulties with the solar wind interpretation. First, a quantitative mismatch lies in the synodic period of solar rotation, which as seen from Jupiter is approximately 25 days, not the 27-day period seen from Earth. Thus if a two-sector structure in the solar wind were to produce a modulation at Jupiter, it would have periods centered on 12 to 13 days, not the observed 14-day period. Second, we are not aware of a mechanism that would connect the solar wind to the deep interior of a magnetosphere such as Jupiter's, which is dominated by plasma processes related to the rapid spin of the planet and the Io torus. Finally, we remind the reader that (3), which was derived from other data sets, and is not related to solar wind phenomena, sucessfully accounts for the times of the four nulllng events observed at 56.2 kHz [Kurth et al., 1980] . '
Dusk Quadrant Modulation
The convection electric field across the Earth's magnetotail is uniform to first order, and except for substorm intervals, it is rather smoothly impressed across the polar cap ionosphere, from whence global convection effects are transmitted to lower latitudes. But again, mighty Jupiter is different. Vas•lliunas [1983] has pointed out that the neutral x-line (which, for the Earth at magnetically quiet times, extends the full width of the tail) in Jupiter's case is likely to cross only part of the tail. This is illustrated in Figure  16 . We propose that the flow of plasma from the Io torus into the outflow region on the dusk side is modulated at the system IV period. A consequence of this unsymmetrical outflow is seen in Figure 4 
CONCLUSION
We have shown that a number of separate phenomena can be fit into a new Jovian longitude grid (system IV) having a presently defined rotation rate of 845.05ø/d. However, until more independent data are obtained, it is not established that all the phenomena we have plotted will remain fixed in system IV. In a sense, we have forced a fit among three data sets. Study of Figure 12 should show that, with two independent, adjustable constants in (1), namely, ,•o and A•, we would have found an acceptable fit even if, contrary to our explicit assumption, the phase of the 1981 and 1982 points were not fixed in a rigidly rotating longitude system. The test of the validity and utility of system IV will be to place more independently acquired data from different times into this system. The question of beat frequencies and sidebands has not been investigated. At this point it is possible that the sys-tem IV variations reported here are a result of a 14.1-day amplitude modulation of system III phenomena. Similarly, as explained in section 6, the 14.1-day modulation could follow from the beating of the system III and system IV periods. Additional analysis is necessary.
If system IV should prove to be a durable description of a significant portion of the time-dependent behavior of a certain class of Jovian phenomena, a new theoretical challenge will be to find a description of Jupiter's magnetic field that allows for this sort of dual periodicity and to relate this theory to other objects exhibiting dual magnetic periodicities such as the Sun, and possibly Saturn, and certain pulsars.
APPENDIX: ANALYSIS TECHNIQUES
The brightness of the ansae of the Io torus undergo large, apparently aperiodic, fluctuations in the extreme ultraviolet that exceed the measurement uncertainty. These fluctuations mask any periodic structure in a simple plot of brightness versus time. To reveal possible periodic structure, we must rely on detection techniques suited to finding modulations that are weak compared with random fluctuations and that may be applied to unevenly sampled data. One such technique is based on periodogram analysis. Scargle [1982] has developed a useful formulation of the statistical properties of a slightly modified form of the classical periodogram, including simple expressions for the reliability of detections and for the power at a particular frequency. We have computed periodograms from our data using Scargle's equations where v is the number of independent frequencies examined. As v is increased by testing more frequencies for significant power, the probability of finding by chance a physically unreal, but apparently significant, Z > z is increased. This is taken into account by the exponent • in (6).
The best estimates for the signal frequency and power come not from evaluating the periodogram at the frequencies defined by the nulls in the spectral window, but by oversampling to find the true peak in the periodogram [Black and Scargie, 1982 The amplitude of the modulation obtained in this way is only an estimate, but it is useful to know, at a specified level of confidence, the range of amplitudes consistent with the observations. This range, which depends on the ratio of signal power to noise power, may be found for several confidence levels using curves in Groth's [1975] Although the two techniques yield consistent results when applied to our data, most of our discussion is based on periodogram analysis because its statistical behavior is well known and because it permits an explicit estimate of the power at a particular frequency. On the other hand, the superposed epoch analysis is conceptually simpler and leads to an intuitively more satisfying result. The signal power can be estimated by generating and analyzing synthetic data, keeping in mind the dangers mentioned in section 3.
Analysis of synthetic data has also proven to be a useful adjunct to the more direct methods described above. Generation and reduction of synthetic data is a sensitive test of the functioning of the analysis program, and it helps to iden-tify spurious features resulting from the sampling scheme or leakage from other frequencies. Synthetic data were generated for the times of the observations from S(ti) -' AGi + Z Bj sin (•0jti)
Noise is included through the term AGi, where Gi is a Gaussian random variable having variance 1.0. Measurement error makes a small contribution to the total "noise, • but real, aperiodic brightness variations dominate the EUV data. Therefore the amplitude A cannot be determined from the measurement error alone. In practice, it is adjusted to match the random component of the observed brightness variations as measured by the two analysis techniques already described.
